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RECENT STUDIES IN THE PHYSIOLOGY OF
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GEORGE R. COWGILL
The idea that disease may result from the lack of an essential
nutrient is now well established. The pioneer work in this field
concerned those disorders that seemed to be related in some way
to diet. In this category belongs the disease beriberi which is of
widespread occurrence in the Far East among people whose staple
food is white rice. In his monograph, Vedder (1913) cham-
pioned the idea that beriberi is caused by the lack of a specific vitamin
substance. Many clinicians, however, especially among the Jap-
anese (Ogato et al, I923), hesitate to concur in this opinion be-
cause experimental beriberi in animals differs in certain respects
from human beriberi as seen in the clinic. In this connection, it is
worth while to point out that the laboratory worker endeavors,
as far as possible, to limit the variables involved in the problem
under consideration, and, as a consequence, he may expect to pro-
duce syndromes in experimental animals differing in certain re-
spects from the symptom-complex seen in the clinic. The case
observed by the clinician, on the other hand, is more likely to be
the result of a multiple rather than a single deficiency. As an
illustration, consider "wet" and "dry" beriberi. The neuromuscu-
lar symptoms in these two conditions are practically the same, but
the presence or absence of edema calls for explanation. It is not
likely that the many individuals observed in the clinic have sub-
sisted on essentially the same diet, as have, for example, a group
of rats fed a particular experimental ration. Studies of edema
indicate that this condition is associated with a low concentration
of blood plasma proteins, and edema has been produced experi-
mentally by feeding diets low in protein for extended periods
(Harden and Zilva, 1919; Kohman, 1920). It is conceivable,
although as yet undetermined, that cases of "wet" beriberi are
suffering not only from a deficiency of a particular vitamin but
from a shortage of protein as well.
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Much of the support for the vitamin theory has come from the
laboratories of students of nutrition, and the earlier studies re-
lating to experimental beriberi were performed largely on birds.
In his attempts to isolate the antiberiberi vitamin-now called
vitamin B-Funk (1914) made use of pigeons. The striking
symptoms produced in these birds by feeding a diet consisting
entirely of white rice can be relieved in startling fashion within a
very few hours by parenteral administration of suitable concen-
trates of this vitamin. Unfortunately, most of the experimental
work with pigeons is faulty because a diet of white rice is in-
adequate in several respects, a fact which seems to have received
due recognition but rather recently (see Simonnet, I921; Hoet,
1922, I923).
For many years our laboratory has been interested in the prob-
lem of the physiologic role of this interesting vitamin. It is ob-
vious that a fairly thorough investigation of this problem may be
quite difficult if one is restricted to the use of the pigeon or such
a small animal as the rat. Many of the blood analyses so necessary
for various metabolism studies require quantities of this fluid which
a pigeon or rat can hardly spare. Fortunately it has proved pos-
sible to produce in the dog a characteristic beriberi-like syndrome
by feeding diets adequate except with respect to the antineuritic
vitamin B (Cowgill, I921). The complex of symptoms thus pro-
duced possesses certain features also found in human beriberi of
the "dry" type. The experimental ration is rich in protein and
other dietary essentials but deficient in the antiberiberi vitamin'.
If shortage of protein is one of the factors contributing to the de-
velopment of edema, these animals should not show edema. Such
indeed proves to be the case.
Many writers have emphasized the remarkable recoveries that
so-called "polyneuritic" pigeons make when given the missing vit-
amin. Some have gone so far as to intimate that the pigeon is
somewhat unique in its requirement for this substance. Equally
striking cures have been obtained with the dog. If the vitamin-
containing material is administered by mouth, it may be necessary
to give several doses because in advanced vitamin B deficiency
the gastro-intestinal tract does not readily retain the administered
"Vitamin C is also absent. There is no evidence that the dog requires
this vitamin.
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material. If, on the other hand, a suitable vitamin concentrate
is injected intravenously (Cowgill, I923), the symptoms may be
relieved in as short a period as four hours. These studies in-
dicate quite clearly the essential identity of the deficiency conditions
produced in the pigeon and in the dog. Certain minor differences
in the two syndromes may be attributed to the fact that the ration
offered the pigeon is inadequate in other respects as well as in
vitamin B.
An organism restricted to a diet deficient in this vitamin after
a time exhibits a characteristic loss of appetite for the food offered.
The time required for a dog to develop this anorexia is apparently
related to the amount of the vitamin available during the previous
dietary regime and the capacity of the organism for tissue storage
of this factor. If the animal is first given large amounts of vit-
amin B and his tissues are allowed to become saturated, so to
speak, the period required for this anorexia to develop is, in the
majority of cases, from 20 to 22 days-roughly three weeks. Oc-
casionally an animal would go for about 30 days, and in other in-
stances the period was as short as I7 days. The loss of appetite
may be partial or fairly complete. Old dogs are more likely to
refuse absolutely the experimental ration. The growth impulse
in young animals apparently overcomes this anorexia to a certain
extent. If a sufficient amount of vitamin-containing material is
given, the appetite is restored and the animal eats ravenously the
same food that was previously refused. In the earlier experiments,
the test substances were placed in the stomach of the animals rather
than in the food mixture in order to avoid the possible effect of
mere change in the taste of the ration. Later it was found that
mixing the material with the food might induce the animal to
eat a small amount. If, however, by eating this small amount,
vitamin B was not obtained, the anorexia continued. It has proved
possible to restore the appetite to vitamin-deficient animals by
intravenous injection of the missing factor (Cowgill, 1923).
Control experiments with a substance lacking vitamin B have
been performed. Beef extract is valuable for these tests because
(I) it is commonly regarded as a good carminative; (2) it pro-
motes the flow of gastric juice, and (3) it does not contain vitamin
B. Experiments have shown that beef extract does not correct the
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anorexia due to the lack of vitamin B (Cowgill, Deuel and Smith,
1925).
It should be emphasized that other dogs given precisely the
same experimental ration plus a daily small but adequate supple-
ment of a vitamin B concentrate have been maintained in excellent
condition with perfect appetite for the food offered for as long as
540 days-approximately a year and a half.
It is not clear just how the lack of vitamin B can bring about
a loss of appetite. In the light of the interesting studies of Carlson
and associates (I9I6) suggesting that the sensation of hunger is
due to periodic contractions of the empty stomach, it was thought
possible that vitamin B deficiency might be associated with a dis-
appearance of these contractions or with marked changes in their
character. This problem has been investigated in our laboratory
(Cowgill, Deuel, Plummer and Messer, 1926). In the early
stages of this deficiency, when anorexia is the only sign of a lack
of vitamin, no characteristic changes in gastric motility occur. In
the advanced stages, gastric atony is an almost constant finding.
This has been questioned (E. Smith, I927). However, a renewed
and more extended investigation in our laboratory has only served
to confirm our earlier findings (Stucky, Rose and Cowgill, I928).
It has been suggested that this gastric atony occurs because the
animal is in a moribund condition. Such an explanation is impos-
sible. Furthermore, the positive and beneficial effect of vitamin
administration on the condition in our experimental animals is un-
mistakable. As confirmation of our viewpoint, we may cite the
observations of Sure2 on the condition of the gastro-intestinal tract,
particularly the stomach, of young rats exhibiting symptoms of
vitamin B deficiency. Reference also may be made to the work of
Lumiere (I920) and others, who have gone so far as to attribute
the symptoms of vitamin B deficiency to stasis in the alimentary
canal, excessive production of toxins by bacterial action, absorption
of such toxins and subsequent toxemia. This appears to be an
extreme view. McCarrison (I921) attributes many gastro-intestinal
disorders to faulty diet, particularly those deficient in vitamins.
It is difficult to evaluate his work properly because his experimental
rations were inadequate in several respects.
2Personal commu'nication.
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This anorexia is not without interest to the clinician. Certain
marasmic babies have been found to have their interest in food
and their urge to eat restored by the administration of vitamin B
(Eddy and Roper, 1917; Byfield and Daniels, I920). The pos-
sibility that the anorexia occurring frequently in mentally defi-
cient individuals may be due to a lack of vitamin B receives con-
siderable support from the observation of Newburgh3. A young
woman, subnormal mentally, had diminished her food intake to
approximately 400 calories per day. Following the administration
of vitamin B, her voluntary food intake increased rapidly to about
2000 calories per day. To what extent the anorexia frequently
noticed in convalescents, who have subsisted on hospital fare for
long periods, may be due to the lack of this vitamin cannot be
stated. This is a field of investigation and clinical trial that pre-
sents interesting possibilities.
The finding that the condition of certain marasmic babies may
be improved by the administration of vitamin B is of interest in
relation to the problem of anhydremia which so many of these
infants present. Stucky and Rose (1929), working in our labora-
tory, made blood studies of dogs subsisting on diets deficient in
vitamin B. The plan of their experiments is worthy of special
comment. The experimental animals received the basal diet with-
out vitamin B supplement. Their voluntary food and water con-
sumptions were measured. Control dogs, receiving the same ra-
tion plus vitamin B were restricted to the amounts of food and
water that their experimental companions consumed voluntarily.
It was found that in addition to losing their appetite for the food
offered, the vitamin-deficient animals markedly reduced their fluid
intake. The behavior of the control animals seemed to show that
the decrease in water intake was greater than could be accounted
for by the diminished food intake. Anhydremia developed in
both groups of animals and is, therefore, the result of the low
intake of water. The point to be emphasized is that this lack
of thirst in the vitamin-deficient dogs constituted part of their re-
action to the condition of vitamin shortage, for when given the
missing factor these animals voluntarily and promptly consumed
large amounts of water and voided large volumes of urine. Ev-
idently a lack of this vitamin can affect the normal desire to drink
3Unpublished observation.
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and thus indirectly bring about an anhydremia. Perhaps the anhy-
dremia of certain marasmic infants owes its origin, in the last
analysis, to a lack of vitamin B. Here is a field worthy of special
attention on the part of clinicians.
For approximately the first six months of life the human being
lives largely on milk. Does this food contain an amount of
vitamin B sufficient to meet the baby's requirement? If it does
not, then this vitamin becomes a prime factor in limiting growth.
Recent studies of Macy and associates (I927) of the vitamin B
content of human milk and cow's milk indicate that these foods
are relatively poor sources of this dietary essential. Of the two,
cow's milk appears to be richer and more constant with respect to
its content of this vitamin. Recent studies of vitamin B in relation to
lactation (Sure, I928) in the rat are interesting in this connection.
Sure finds that, in order to nurse a litter successfully a mother rat
requires at least three times as much of the antineuritic vitamin,
as she needs for the normal maintenance of her own organism,
and that of the amount of vitamin B ingested by the mother rat
approximately 6o per cent is lost in the metabolic transfer to the
milk secreted.
In order to place vitamin B therapy for human beings on a
scientific basis, it is necessary to know what factors determine the
vitamin requirement. It appears almost impossible to make direct
and satisfactory measurements of that requirement in human beings.
In I923, we were much impressed by the fact that a rat requires,
per unit of body weight, roughly five times as much vitamin B
as does a dog (Cowgill and Deuel). Later we learned that a
mouse requires about four times as much as a rat (Beard, I925).
It can readily be shown that a human being cannot possibly re-
quire as much of this dietary essential per unit of weight as does
a rat. Attempts, therefore, to apply the results of quantitativeK
studies on rats directly to the human species, as some investigators
have done (see McCollum, I922), may be very fallacious.
A mode of attack on the problem of man's requirement for
vitamin B was finally devised. The plan consisted in determining
as carefully as possible the minimum amount of a given vitamin
B concentrate capable of satisfying the need of mice, rats, pigeons
and dogs of different sizes. The same vitamin concentrate was
used in all of these tests. Maintenance of the appetite was taken
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as the physiological criterion that the vitamin need was being met.
It was thought that if the same relationship of variables to the
vitamin need should be found to hold in several widely different
species, one would be justified in assuming that this relationship
also holds for the human species. It is not possible here to enter
into a detailed discussion of the extensive data obtained and the
mathematical treatment accorded them. Let it suffice to say that
in every species studied the same type of formula was obtained.
From this expression it becomes clear that the vitamin B require-
ment per unit of body mass-weight-is directly proportional to
the metabolism of that mass-or the two-thirds power of the weight
(Cowgill and Klotz, I927). Another formula was finally found
by means of which it has proved possible to calculate the vitamin
requirement of every individual experimented upon regardless of
species and to obtain thereby a result almost identical with that
determined by actual feeding trial.
These studies have made it possible for us to estimate the
vitamin B requirement of human beings and to apply to other
species data obtained with a given species. Utilizing for calcula-
tion (I) the data of Macy and associates concerning the vitamin
B content of human milk, (2) the weight of infants at different
ages, and (3) their milk intakes at the respective weights, it
appears that the human milk studied by Macy, although somewhat
variable in vitamin B content, still contains at least ten times as
much vitamin B as the normal human infant requires. This is
admittedly a rough calculation at best. On the basis of his rat
studies, Sure has expressed the opinion that large numbers of
American infants nursed by their mothers are close to the border
line of safety with respect to satisfaction of their vitamin B need.
In view of our quantitative studies outlined above, this conclusion
may be seriously questioned.
What has hitherto been called vitamin B has recently been
shown to consist of at least two physiologically active substances:
one destroyed at high temperature and effective in preventing and
curing the symptoms of experimental beriberi; the other stable
toward heat, required along with the antineuritic factor in pro-
moting growth, and probably effective in preventing and curing
pellagra (see S. Smith, I928). Although we cannot say with
absolute certainty which of these factors is primarily involved in
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bringing about the characteristic anorexia discussed in this paper,
recent observations in our laboratory rather suggest that a lack in
the antineuritic factor is responsible. Experiments designed to
answer this question are in progress.
In this connection might be mentioned interesting skin lesions
that have been observed in dogs subsisting on our vitamin B defi-
dent rations (Cowgill, Stucky and Rose, I929). These sores are
frequently symmetrically placed. They fail to show the cardinal
signs of inflammation, a fact that emphasizes their malnutritional
origin. It is possible that they are the counterpart of decubital
lesions. The fact that dermatitis is an important feature of the
syndrome of pellagra suggests that these sores owe their origin
to a lack of the heat-stable component of the vitamin B complex.
Further studies must be made before more definite statements con-
cerning these lesions are warranted.
Clinicians are well aware that the factors contributing to the
development of a disease are very often numerous and unrecog-
nized. It is only by means of carefully planned experiments that
many of the variables involved in the production of a given syn-
drome may be disentangled and shown in their proper relations
to each other. For the application of his findings in the treatment
of human ills, however, the investigator must look to the clinician.
Out of such joint activity can come the greatest practical good from
seemingly quite impractical research.
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